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ABSTRACT
An analysisof thebichromophoricbehaviorandbindingtotheDNA basestackof thenovel
complexruthenium2,3-bis(phenylethynnyl)-I,4,8,-tetraazatriphenylene(Ru-bptt)anditstert-butyl
substitutedanalogue(Ru-tbptt).This projectattemptstorevisethepreviouslysubmittedmanuscriptof
Structure,SpectroscopyandDNA Bindingof BichromophoricMixedLigandRuthenium
MetalloenedivneComplexesintheformof quantitatingabindingconstantfor theinsertion
intothebasesstackof DNA. As well as,to furtherdrawadistinctionbetweenthebindingsof
theRu-bpttcomparedwiththebindingof Ru-tbptt.
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BACKGROUND
MetalloenediynecomplexesthatshowaffinitytobindstronglytoDNA areof considerable
interesto thescientificcommunityduetotheirpotentialuseaschemotherapeuticandgene-targeting
applications.l.9By specializingmoleculestointeractwithspecificregionsof thegenomeor a
particularbaseseriesthecompoundsareabletozeroin ona specifictargetarearatherthanattacking
largeareasof cellstherebymany of theill effectsof currantgenetherapyandchemotherapeutic
treatmentsmaybeeliminated.Manypapershavebeenpublishedlookingattheprospective
significanceoftransitionmetalcomplexesinmodifyingthisareaofresearch,duetotheirlarge
coordinationnumbers.TheseopencoordinationpositionsleaveroomforinteractionwithDNA base
pairs.10-11ThepaperbeingrevisedStructure,SpectroscopyandDNA Bindingof Bichromophoric
MixedLigandRutheniumMetalloenediyneComplexesdoesnotdealdirectlywithmoleculesdesigned
for chemotherapeuticpurposesbutratherlooksatsometransitionmetalcomplexesandtheir
effectivenessin bindingtoDNA, usingmultiplespectroscopictechniquestocharacterizethisunion.
Thecompoundsof interestare[Ru(bptt)(phenh]2+(Ru-bptt)and[Ru(tbptt)(phen)z]2+(Ru-tbptt)-
Theway in whichthetransitionmetalinteractswiththeDNA is manytimesof interest.All
transitionmetalcomplexesbindin oneof threeways.Thefirst is electrostaticinteractionsbetween
theanionicbackboneof DNA andthecationicmetalcomplex.10Thesecondis directcoordinationof
heterocyclicbasestothemetalionasseenin cis-platin.II-13Thefinalandmostrelevanto this
manuscriptis theinsertionof anaromaticligandintotheDNA basestack.12
A notableDNA bindingtransitionmetalcomplexis [Ru(phen)z(dppz)]2+,whichdisplayswhat
is commonlyreferredtoas"lightswitch"behavior.1,15,This is characterizedby increased
phosphorescencequantumyieldonlywhenbindingoccurs,whicheffectivelyiscausedbychangesin
theenvironmentalinteractionwiththeligand.1This is helpfulin thedevelopmentof gene-targeting
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Presentlyit is acceptedthatthe"lightswitch"behavioris aproductof theinsertionof thephenazine
portionof themoleculeintothemajorgroveof theDNA doublehelix.14,18,9This createsasolvent
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shieldingeffecteliminatinghydrogeninteractionwiththenakednitrogen.This in turnis ableto
eliminateapathwayfornon-radiatived cay,therebyincreasingthequantumyield.9Thereisevidence
thatthe"lightswitch"mechanismisbichromophoric,havingtwoMLCT bandspopulatedinthe
excitedstate,originatingfromtwoseparateareasif nitrogenpopulationyetlocalizedonasingle
chromospheres.19Thisinterestingphenomenoniswhatsparkedtheinterestin [Ru(diimineMdiimine-
enediyne)]2+compounds,suchascompoundsRu-bpttandRu-tbptt,metallochromophoreswhose
electronicstructureandspectroscopicpropertieswill beprobedandcomparedtothoseof
[Ru(phenMdppz)]2+.Theseprobeswill allowfor thedetectionfor thepresenceof bichromaphoric
behaviorbynotonlycomparisonsto[Ru(phenh(dppz)]2+,butalsolookingatbpttversustert-butyl
substitutedbpttbehaviorswhenspectroscopicallyprobed.
The authorsfirstachievementontheirwaytoprovingtheirtheorieswastoprovethatthe
ligands(shownbelow)themselvespossessthebichromophoricnatureaswellasbindtoDNA. They
foundthatthefluorescence,absorbancespectra,andDFT calculationshowedcharacteristicsof
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bptt bptt
havingfrontierorbitalwithcharacterlocalizedattheterminalphenylgroupandweakern-7t*
transitionslocalizedonthepyrazineringin bothligands.I Theythensynthesizedtheruthenium
compoundsandfoundthatmuchof thespectroscopicresultsweresimilarto thenon-metallated
ligands.Exceptfortheabsorbancep akat-450nm,whichwasexpectedtoredshiftasseeninthe
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ligandspectra,hasalmostnoredshiftin thet-butylsubstitutedcompound.I Theabsenceof the
MLCT shiftin transitionsin Ru-bpttandRu-tbpttimpliesthatthereis in factabichromophoric
charactersimilarto thatseenin [Ru(phenh(dppz)f+.,,2O
In furthersupportof theelectronicspectrumdata,resonanceRamanspectraof theRu-bptt
compoundwasanalyzedrelyingongenerallocationsofcommonshiftsinthespectra.It isexpected
thatuponexcitationat406.7nmvibrationsassociatedwiththephenylportionof theligandwill be
enhanced,whereasat457.9nmthealkynewill beenhanced.'Whenexcitedat457.9nm,1457,1572
and1599cm-Iareenhancedandthealkyneat2204cm-'is not.' (Fig. la) Yet, whenexcitedat406.7
nmthevibrationsassociatedwiththebpttligand(VS9,VIS9,V246)includingmodesassociatedwiththe
phenanthroline(V96,V199,Vm andV23S),thepyrazine-enediyne(vso,V166,V206andV246),and theterminal
phenyl(vs9andv2d fragmentsof thebpttligandtakeoverthespectrum(Fig. lb) Ramanalso
insinuatesthingsabouttheearlierelectronicspectraincludingthatatleastonetransitionis detecting
bothdelocalizedfragmentsof thebpttligand,phenanthrolineandpyrazine-enediyne.'As far asthe
secondhypothesisthatthesecompoundsnotonlypossess imilarspectroscopicharacteras
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Figure11:ResonanceRamanSpectraof3 collectedat298Kin DMSO(20
mM) withIcex=406.7nm(a)andIcex=457.9nm(b).'
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[Ru(phenMdppz)f+,theyalsobindtoDNA inasimilarfashion.TheadditionofDNA affecthe
intensityandredshiftof the395nmtransitionaswellcausea9-foldincreasein luminescence
quantumyield.(Fig.2a) This resultis similartothespectralsignaturesof manyothertransitionmetal
complexesknowntobindin thebasestackof DNA. 15,16,18,21In comparisonRu-tbpttshowsonly
minorchangesinboththeelectronicabsorptionandemissionspectrauponadditionofDNA (Fig.2b),
suggestingthathetert-butylgrouphindersbindingtoDNA.1 Theincreasein luminescenceoupled
bythelowerintensityandshiftofthe395nmtransitionsuggestthathebindingcausesthemolecule
tobequenchedlessbythesolventandthereforeisabletosustainthelifetimetoluminescence.Thisis
aclearsignalthattherutheniumligandis in factbindingintothebasestackof theDNA, whichis
shieldingthelonepairofelectronsonthenitrogenfromsolventquenchingintheexcitedstate. The
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Figurei: ElectronicabsorptionandemissionspectraofRu-bptt(a)andRu-
tbptt(b) in theabsence(-) andpresence( ) of 10molarequivalents
(nucIeobase)CT-DNAin 10mMTrisHCIatpH7.2and298K.
Luminescencequantumyieldsfor Ru-bpttandRu-tbpttin theabsence(<pH20)
andpresence(<pIJ',fA)of DNA areshownabovetheemissionprofiles:
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authorsgoontoexplainthekineticsof therutheniumcomplexandbindingtoDNA. Theyconclude
thattwoenantiomersarepresentin therutheniumDNA complex,L1andA, whichpossessunique
biphasicdecaykineticsin thepresenceof DNA. Theyhoweverareunabletoquantitativethekinetics
of thebindingandreleaseof therutheniumcompoundtoDNA.
Largely,theauthorsdidagoodjob of provingtheirconclusions,thattheligandsbpttandtbptt
do in factshowbichromophoricbehavior,whichis maintainedwhenmetallatedwiththeruthenium
andwhenbindingtoDNA; aswellasprovingthatthereis definitebindingtoDNA demonstratedby
thechangesobservablebytheshiftinquantumyield.However,KnowingthatI amrevisingthis
paper'sreviewersmusthavehadsomeissuewithitscontents.Oneof themorenotableandtricky
issueswasthatthoughbindingwasprovenwithinreasontherewasnoquantitativedatafor thekinetics
of thisbindingorrelease.By quantizingtheonandoffkineticsoftherutheniumoleculeitwould
disposeof anydoubtof theproposedbinding.
Therearemanydifferentmethodstoprobethekineticsbehindthebindingof Ru-bptttoDNA.
Quitea fewmethodswereexaminedfor suitabilityfor ourpurposesyet,surfaceplasmonresonance
(SPR)usingtheBiacore3000instrumentseemedlikethemosteffective,duetoitssimplemodeof
detectioncoupledwithitsflexibleprocedure.Signalsareabletobe obtainedfromevensmall
quantitiesof materialorevenimpuresamples.22
SPR is aphenomenonwherelightis reflectedoff thinmetalfilmsandtheangleandintensity
thatthelightemergesis analyzed.22Theanglechangeis causedbythedelocalizedatomsin thegold
film, plasmon,onthechip.22 Theangleof incidenceis determinedbymanyfactors,yetBiacore
instrumentsaredesignedsothattheprinciplefactorbecomestherefractiveindexatthesurfaceof the
goldfilm-glassinterface.22WhenusingtheBiacoresystemoneof themoleculesis immobilizedon
thesensorsurface,theligand,andtheotheris passedoverthesurfacein themobilephase,analyte.23
This mobilephasecontainsvariousothermoleculeswhichareableto interactwiththemolecule
boundto thechip. If bindingoccurs,thelocalrefractiveindexchanges,thereforetheSPR angleis
alsochanged.22This angularchangecanbemonitoredby detectingchangesin theintensityof the
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reflectedlightproducingasensorgram.A sensorgramisaplotofresponseovertimewhichis seenin
realtimeonthecomputermonitor.23TheSPR changeis measuredin responseunits(RU) andis
proportionalto themassonthesurface,hencewhenbindingoccurs,responseincreasesduetothe
increasedweightonthesurface.23
The ratesof changeof thesensogramcanbeanalysedtoyieldappropriaterateconstantsfor
theassociationanddissociationphasesofthereactionandthisratiogivestheapparentequilibrium
constant.Thechangein theSPR signalis directlyproportionaltothemassbeingimmobilizedandcan
beroughlyestimatedusingtheequation:23
R~,,=tTlt'.8
analyteMVV
ligandrl/1W
x immobilizedamountxstochiiometricratio
WhereRmaxis themaximumresponse,anddescribesthebindingcapacityof thesurfacein termsof a
saturatedresponse.Mostof thetimethistheoreticalRmaxis largerthantheexperimentalone;this
couldbeduetohavinga ligandthatis notfully active,or thathasastericalhindrance.23
TherearethreemajorstepsinperformingtheBiacorexperiment.Thefirstis immobilization
of theligandontothechipsurface.The rutheniumDNA experimentrequiredaspecialstreptavitan
coatedgoldsurfaceisused,andbiotinlabelledDNA isattachedtothesurface.Theaffinityofthis
interaction,biotinandstreptavitanhasbeenmeasuredin solutiontobeK= 1015Mol.z4Thereforeto
attachtheDNA two injectionswereusedtoregulatetheamountof theDNA solutionwasdeposited
two200ilL Is (flow rate10flUmin)injectionsof 500nM biotinlabelledDNA
(5'-[bioTEG]TITGGCTTCACTCATTGCTC-3')(Operon, dilutedwith 1011MTris-HCI buffer).
Usingtheequationmentionedearlierthetargetfor responsewasapproximately450-650RU. This
targetwasimportantohit in ordertoreducediffusioncontrolledfactorsin thekinetics,eliminatinga
commonproblemfoundin kineticexperimentsonaBiacore.
The secondstepis injectionof theanalyteoverthemodifiedsensorsurface.Theanalyteused
is a2.5xlO-6M Ru-bpttsolutionin 10jJ.MTris-HCI buffer5%(v/v)DMSO. Thebindingis proposed
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tobestrongthereforeoneinjectionat100llL/min (flowrate101lL/min)shouldattachRu-bptttoall
availableDNA groves.This wiII generallybehinderedbystericand/orconformationalobstructions.
The final stepis regenerationof thesurfaceremovingall tracesof theanalytesothatthe
experimentcanberepeatedusingthesamechannelrepetitivelyforgoodresults.Herein liesthefirst
ofmanyproblemsencounteredwiththisexperiment.Whenwashedwith1000ilL of 3MKCI ata
flow rateof 200llL/min theRu-bpttdoesnotreleasefromtheDNA. This is amajorproblemdueto
theneedfor anoff ratetogetanonrateviathecomputer,andthiswouldcauseall experimentstobe
systematicallyirreproducible.Yet therewereafewthingsthisidentified.First that~ff is lessthan
10.12,implyingthatKonis verylargeandthattheonratemustthereforebequitelarge.24 This is the
currantstatetheinquiryattimeof submission,furtherexperimentswill quantitatetheactualrate.
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